We present experimental and theoretical work on excimer laser microstructuring of hydrogenated amorphous silicon (a-Si:H) films on molybdenum coated glass substrates, in the form of sharp and conical poly-Si spikes, for electron field emission applications. 
Introduction
Excimer laser assisted crystallization of hydrogenated amorphous silicon (a-Si:H) films is a well-established technique for fabrication of large-grained polycrystalline silicon (poly-Si) on low melting point glass substrates. The generated poly-Si films have a number of technologically important applications ranging from the fabrication of high-speed thin film transistors (TFTs) in active matrix liquid crystal displays [1] to the large area, highly efficient and inexpensive solar cells [3] . Demanding requirements for certain applications however, e.g. electron field emission applications [3, 4] , makes it vital to elaborate laser processing parameters, such as laser fluence and beam profile, to roughen the film surface without its substantial ablation. In particular, the laser fluence (energy per unit area) during the process has to be high enough to melt through the films but should not cause substantial ablation of the thin film materials (low vaporisation rate).
Here, KrF excimer laser microstructuring of a-Si:H films on molybdenum (Mo) coated glass substrates for electron field emission applications is presented. We observed sharp and conical poly-Si spikes with 150 to 250 nm in diameter, 1.5 to 2.2 µm in length and in average separated by 1.5 to 2 µm. The peculiarity of our technologically feasible work is on the beam shape used for the excimer laser-assisted fabrication of sharp, homogenous, high density and high aspect ration poly-Si spikes out of a-Si:H films on the metal-coated glass substrate in air.
Experiments & Results
The samples were produced by deposition of a-Si:H films (300 nm thickness) by plasma-enhanced chemical vapor deposition (PECVD) on 200 nm Mo coated Corning Eagle 2000 glass substrates. This type of sample is appropriate for electron field emission applications. The KrF excimer laser (248 nm, 50 Hz, 20 ns) was employed to irradiate the samples. The laser output beam was reshaped to produce a so-called asymmetrical slope beam profile in the X-axis and uniform top-hat profile in the Y-axis with the total rectangular-shaped laser beam pattern dimension on the film surface of approximately 4 mm × 8 mm. The samples were mounted on a motorized and computer-controlled translation stage and scanned at 0.5 mm/s along the X-direction relative to the laser beam so that each irradiated area on the thin film surface was subjected to an irradiation where the laser fluence suddenly increases to its maximum and then gradually reduces to zero. Hence, the beam had a high laser energy at the leading edge. The multi-pulse laser irradiation of the samples was carried out in air and at room temperature with a laser pulse energy ranging from 30 to 140 mJ corresponding to energy fluence of 0.09 to 0.44 J/cm 2 , respectively. Sharp conical poly-Si structures were produced for laser pulse energies between 70 and 100 mJ ( Fig. 1 d  -f ). Beyond this range oblation of the material occurs (Fig 1 g -i) . Below this range only the occurrence of surface corrugates is observed (Fig. 1 a -c) . Our primarily calculations show that the range of laser pulse energies for fabrication of optimum microstructures are commensurate to the sudden rise of temperature (< 100 ns) in the irradiated area from the room temperature to just above the melting point. We believe that the development of the microstructures is based on the melt flow caused by the surface tension gradient associated with the surface temperature non-uniformity. At high fluences (beyond 0.36 J/cm 2 : Fig 1 h -i ) the ablated material is vaporized and redeposit around the exposed area (material transport through ambient atmosphere). However, sharp and defined apex angle for structures produced at lower energy fluences (0.22 to 0.31 J/cm 2 : Fig. 1 d -f ) point to melt displacement as the growth mechanism in these cases. The further in-depth investigations of the mechanism are underway and will be presented.
The produced structures exhibit favorable field emission characteristics in comparison with the original sample. The measure is in terms of the lowest turn on electric field and largest saturated emission current. So a1211_1.pdf
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Conclusion
In summary, we presented sharp conical poly-Si microstructures produced upon excimer laser irradiation of aSi-H films on Mo coated glass substrates. We discuss the mechanism behind the formation of the conical microstructures and show that some of these specialty features exhibit good field emission characteristics with a low turn on electric field and a large saturation emission current.
